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Abstract 
A new type TiO2 electrode was fabricated by forming nanotube-like TiO2 film on a Ti sheet in an anodic oxidation 
process. The micro-morphology and phase structure of it were analyzed by FE-SEM and XRD, respectively. The 
average diameters of these nanotubes rang from 80 to 150 nm. The evidences from the electrochemical station 
indicated that the TiO2 nanotubes electrode had higher oxygen-librating potential than the conventional TiO2 film 
electrode.  And the experiments of photoelectrocatalytic degradation of 4-chlorophenol (4-CP) with this TiO2-NTs 
array electrode as working electrode were carried out. 
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1. Intorduction 
In recent years, TiO2 nanotubes began to attract wide attention because of its novel larger surface area. 
TiO2 nanotubes, in powder forms, have fabricated by templates synthesis[1] and hydrothermal chemical 
process[2]. For being no supported, they cannot be used as working electrodes in photoelectrocatalytic 
degradation of pollutants.  Anodic oxidation processes were effective for the growth of titania nanotubes 
arrays on a pure Ti sheet[3-5].  And few reports have been found so far regarding the electrochemical 
properties and photoelectrocatalytic degradation of pollutants of this kind of TiO2 nanotubes electrode.  
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In this paper, self-organized TiO2 nanotubes electrodes were successfully grown by forming tube-like 
TiO2 film on a Ti sheet in anodization processes. The micro-morphology and its oxygen-librating 
potentials were measured. 
2. Materials and Methods 
2.1. Materials 
Titanium sheets (99.60% purity) were purchased from Baoye Titanium-nickel Industry Co., LTD. 
China. HF, HNO3, H2SO4 acid, and acetone were of analytical grade. 
2.2. Methods 
Prior to treatment, Ti sheets (10×20×0.5 mm) were successively chemically etched in an acid 
mixture, ultrasonically cleaned in acetone solution, rinsed with deionized water (DI), and then dried in air 
at room temperature. The anodization was conducted in a two-electrode electro-chemical cell with a 
nickel gauze as cathode at a constant potential with magnetic agitation. The electrolyte consisted of 1 
mol/L H2SO4 and little amount HF in water. After anodizing for two hours, the product was annealed at 
400℃ for 40 min. 
The electrochemical performance of the TiO2 nanotubes electrodes, after annealed at 400℃ for 40 min, 
was tested by electrochemical station (CHI600B, Chenghua, China). The electrochemical cell used was a 
conventional three-electrode configuration with platinum thread and a saturate calomel electrode (SCE) as 
the counter electrode and reference electrode, respectively. Experiments were carried out in 0.2 mol/L 
H2SO4 at room temperature, with 1cm2 of the sample surface exposed to the electrolyte. 
The photoelectrocatalytic experiment was carried out under the following conditions: under visible-
light irradiation (a 300 W Xe lamp, I0 = 0.6 mW/cm2) with any irradiation below 400 nm removed by 2 
mol/L NaNO2 solution, and 0.1 mol/L Na2SO4 as electrolyte.  1.5 V anodic bias potential was applied. 
The concentration of 4-chlorophenol (4-CP) was monitored by an HPLC. The tested nanotube film was 
calcined at 400℃ in air for 2 h. All values of the electrode potentials are referred to SCE in these 
experiments. 
3. Results and Discussion 
3.1. SEM analysis 
Fig. 1 shows the FE-SEM images of the TiO2 nanotubes electrodes (TiO2-NTs electrodes), fabricated 
at different anodic potentials. Generally consideration, the self-organized TiO2-NTs arrays are formed as a 
result of the competition between the field-enhanced formation of TiO2 at the TiO2/Ti interface and the 
field-enhanced dissolution of TiO2, forming dissoluble [TiF6]2- at the solution/TiO2 interface[3-6]. When the 
anodic voltage is 10 V, the field-enhanced dissolution rate of TiO2 was slow due to lower applied 
potential and only a few pits can be seen on the surface. Under the anodic voltage of 30 V, the field-
enhanced dissolution rate of TiO2 was much faster, which prevented nanotubes’ formation, and only a 
highly disturbed porous structure was obtained. While at the potential ranging from 15 to 25 V, uniformed 
nanotubes arrays can be obtained[7]. The TiO2-NTs are well-aligned and organized into high-density 
uniform arrays, oriented perpendicularly to the substrate. The average outer diameters of these tubes rang 
from 80 to 150 nm, with a large density of nearly 3×1013 cm-2.
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Fig.1  FE-SEM images of TiO2-NTs arrays anodized under 25 V. (a) top view ; (b) cross section. 
3.2. XRD analysis 
XRD analysis shows that the as-anodized nanotubes were amorphous, while after annealed at 400℃ in 
air for 40 min, the anatase phase corresponding to 25.3º had been the majority, with little amount rutile 
phase appeared. 
3.3. Oxygen-librating potential 
Fig. 2 shows the polarizing curves of the TiO2 electrodes fabricated at different potentials. The oxygen-
librating potentials (U) of the electrodes are in turn of U25 V > U15.7 V > U20 V, respectively. Compared with 
that of the TiO2 film electrode prepared by MOCVD, U25 V is 0.3 V higher, see in Table 1. It means that 
oxygen librates more difficultly on the TiO2-NTs array electrode than on the TiO2 film electrode. At the 
same time, the opportunity of the pollutant being directly degraded on the surface of the nanotubes 
electrode is much higher. It means that the TiO2-NTs electrode has the higher catalytic capability. 
Fig.2 The polarizing curves of self-organized TiO2-NTs arrays electrodes fabricated at different anodic potentials. Film means TiO2
film electrode made by MOCVD. 
(A) (B) 
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Table 1 The contrast of the oxygen-librating potentials (OLP) of self-organized TiO2-NTs arrays electrodes. 
TiO2-NTs electrodes made under different anodic potentials (V) Film electrode 
15.7 20.0 25.0 
OLP  (V) 1.85 1.75 2.15 1.85 
3.4. Photoelectrocatalytic performance  
To further confirm their catalytic capability, the photoelectroncatalytic (PEC) degradation was 
performed in a conventional three-electrode configuration with the sample (25 V) served as the 
photoelectrocatalytic electrode, with 1 cm2 effective area. The degradations of 4-CP in the photocatalysis 
(PC), electrocatalysis (EC) and photoelectroncatalytic (PEC) processes are varied. The degradation of 4-
CP in PEC process had a 20% higher than that in PC process at 20 min, and 18% higher at 30 min (see in 
Fig. 3).  The degradation of 4-CP in PEC process had a 55% higher than that in EC process at 20 min, and 
58% higher at 30 min. It is possible that the recombination of photogenerated hole/electron pairs was 
suppressed by the external electric field. The more photogenerated holes/electron pairs remained, the 
higher rate 4-CP was decomposed.  
Fig. 3   The electrocatalysis, photocatalysis and photoelectrocatalysis processes of 4-CP solution of self-organized TiO2-NTs arrays 
electrodes. 
4.  Conclusion 
In summary, highly ordered TiO2-NTs array electrode were fabricated on pure Ti sheets bu anodization 
process. The obtained TiO2-NTs are well-aligned and organized into high-density uniform arrays, oriented 
perpendicularly to the substrate. The average outer diameters of these tubes rang from 80 to 150 nm. XRD 
analysis shows that the as-anodized nanotubes were amorphous, while after annealed at 400℃ in air for 
40 min, the anatase and rutile phase appeared. Evidences obtained from electrochemical station indicated 
that the TiO2-NTs array electrode had higher catalytic capability than TiO2 film electrode. The oxygen-
librating potentials (U) of the TiO2-NTs electrode anodized at 25 U is 0.3 V higher than that of the TiO2
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film electrode prepared by MOCVD. The degradation of 4-CP in the photoelectrocatalytic processes is 
75% after 30 min visible light irradiation.  
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